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The escape time for far-red light reversal of red light
induced germination of light-sensitive Grand Rapids let-
tuce seeds was determined to be 5h. Levels of soluble
sugars were determined during the first 8h of imbibition
in seeds treated with red light, gibberellic acid and an
aqueous smoke extract all of which stimulate germina-
tion of the photoblastic achenes in the dark. Sucrose
was the main reserve sugar in the dry seeds; glucose,
fructose and rhamnose were also detected. An increase
in sucrose was detected 2h after the start of imbibition,
lasting 13h. This increase occurred in all treatments,
including dark-imbibed control seeds. This suggests
that breaking of dormancy is not totally dependent on
utilisation of soluble sugars.
The mechanisms of dormancy and events that lead to
breaking of dormancy are not very well understood (Bewley
and Black 1994). Different cues to overcome dormancy are
known, such as light and hormones. In recent years an envi-
ronmental cue present in smoke from burning vegetation
has been added to the list (Brown and Van Staden 1997). It
appears that a chemical factor is present in smoke which
promotes germination, thus enabling seeds to germinate in
the post-fire environment, where competition for living space
is reduced. However, not only plant species from fire-prone
environments react to smoke, it is also a germination cue in
highly bred vegetable seeds such as lettuce and celery
(Drewes et al. 1995, Thomas and Van Staden 1995).
In a recent study it was reported that Grand Rapids lettuce
seeds imbibed in the dark in solutions of soluble sugars did
not germinate, but when such seeds were treated with either
red light or gibberellic acid they had a much higher level of
germination than seeds that had been imbibed in water
(Hsiao and Quick 1997). When embryos of wild oats were
cultured with soluble sugars, the dormancy was broken
(Foley 1992). This raises the question of whether free sug-
ars are involved in breaking dormancy in light-sensitive let-
tuce seeds. Free storage sugars could be an easily available
and utilisable source of energy to drive the processes nec-
essary for initiation of seed germination. The level of ATP in
lettuce seeds increase rapidly over the first 4h of imbibition
and then reach a steady state that remains constant up to
16h. During this period there is a rapid turnover of the ATP
pool, at a rate where synthesis is balanced exactly by the
rate of utilisation (Pradet et al. 1968, Hourmant and Pradet
1981). A block in the metabolism of sugars could provide a
dormancy mechanism, if the energy generated from the
catabolism is required to start other germination related
processes. In this paper we investigated the levels of free
sugars in lettuce seeds during the first hours of imbibition
where dormancy is broken.
Lactuca sativa cv. Grand Rapids seeds (achenes) were
obtained from Peto Seeds, Saticoy and were stored at -20°C.
The seeds maintained strong light sensitivity.
For determination of the escape time five replicates of 25
seeds were placed on two layers of filter paper moistened
with 2ml water in 65mm plastic Petri dishes. All procedures
were carried out under a green safe light. The seeds were
first given 10min red light (660nm = 1.8µmolm-2s-1) treatment
at various times after the start of imbibition to determine how
early in the imbibition process red light was effective. Seeds
that had been treated with 10min red light 10min after imbibi-
tion started were treated with 30min far-red (FR) light (730nm
= 1.8µmolm-2s-1) at various times after the start of imbibition.
After light treatments the seeds were incubated in the dark at
25°C for 24h, whereafter germination was recorded.
For sugar determinations 125±3mg lettuce seeds were
placed on two layers of filter paper in 65mm Petri dishes and
moistened with 2.5ml of the test solutions. Gibberellic acid
was used at a concentration of 10-4M. The aqueous smoke
extract was the same standard extract as used previously
and was diluted 1:1 000 (Van Staden et al. 1995). Seeds that
received red light were treated for 10min, 10min after the
start of imbibition. The seeds were incubated in the dark at
25°C for times indicated.
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Treated seeds were flash-frozen in liquid nitrogen and
ground to fine powders. Five ml 80% ethanol were added
and the mixture was extracted overnight by shaking at
200rpm. The mixture was centrifuged at 2 000g. Four ml
supernatant were transferred to a new vial and taken to dry-
ness under nitrogen. Two hundred µl of 25mgml-1 hydroxy-
lamine monochloride in pyridine were added and the mixture
incubated at 40°C for 20min to obtain sugar oximes. Sugar
oxime solutions (100µl) were transferred to Eppendorf
tubes, taken to dryness under nitrogen and silylised with
50µl Sil-A (Sigma) at room temperature (Sweeley et al.
1963).
The silylised sugars were separated by gas chromatogra-
phy on a 1.8m x 3mm (i.d.) glass column packed with OV-17
on Chromosorb HP 80/1000 and detected by flame ionisa-
tion. The column was held at 125°C for 3min, followed by
ramping at 4°C min-1 to 260°C. The final temperature was
held for 5min. Individual sugars were identified by co-chro-
matography with authentic standards (Merck), prepared as
described above.
The seeds reached maximum germination when the red
light treatment was given 5min and onwards after the start of
imbibition (Figure 1A). To determine the escape time the
seeds were treated after 10min imbibition with 10min red
light, followed by 30min FR at various times. The results
show that within the first two hours the germination could be
completely reversed with FR, thereafter the effect of FR
decreased, indicative of an escape time of 5h (Figure 1B).
Four sugars, fructose, glucose, rhamnose and sucrose
were tentatively identified in the extracts by co-chromatog-
raphy with authentic standards. Sucrose constituted the
main part of the storage sugars in the dry seeds, at levels
ten times higher than glucose and fructose, and hundred
times higher than rhamnose (Figure 2). During imbibition an
increase in the level of sucrose was detected after 2h, this
increased level of sucrose was recorded for 1–3h only,
depending on treatment (Figure 2). The levels of glucose
and fructose remained constant, except when the seeds
were treated with gibberellic acid, which resulted in a
increase in the two monosaccharides during the same peri-
od where the sucrose level was increased (Figure 2). The
levels of fructose and glucose were equimolar in all treat-
ments. The level of rhamnose remained unchanged during
the first 8h of germination.
When studying dormancy releasing mechanisms it is
important to work within the escape time, as it is in this peri-
od that dormancy is broken. Metabolic changes taking place
later on are linked to germination in general, not to breaking
of dormancy. However, it is possible that events initiated dur-
ing the escape time cannot be observed during this period,
for example where transcription of (metabolic) enzymes is
initiated, but the enzymes first start working after the escape
period. The escape time was determined to be around 5h
(Figure 1B), which compares well to escape times deter-
mined previously for lettuce (Mohr and Appuhn 1963). The
lettuce seeds were fully imbibed after approximately 6h. Ten
min after the start of imbibition the seeds were 20% hydrat-
ed (results not shown). This very fast early hydration might
explain why nearly full gemination was obtained when the
seeds were treated with 10min red light immediately after
the start of imbibition (Figure 1A).
In a recent paper changes taking place during germination
were correlated to the hydration status of the seeds, result-
ing in a chronological order of events, starting with activation
on enzymes of amino acid metabolism and initial activation
of respiration, both taking place at around 20% hydration
(Obroucheva and Antipova 1997). The fact that nearly full
germination was obtained when the seeds were treated with
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Figure 1: A: Germination of Grand Rapids lettuce seeds after being treated with 10min red light at various times after commencement of imbi-
bition. Control germination (darkness): 4±2.8%. B: Germination of lettuce seeds treated with 10min red light 10min after start of imbibition,
then treated with 30min far-red light every h for 6h. Control germination: darkness: 4.8±6.6%; red light: 97.6±2.2%
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10min red light immediately after the start of imbibition
(Figure 1A) indicates that the dormancy breaking events
caused by red light take place at a relatively low hydration
level, or that phytochrome can be converted to the active
form at this moisture level, but that the events activated by
Pfr first takes place at a later stage. Utilisation of soluble sug-
ars was not included in the hydration model by Obroucheva
and Antipova (1997).
Previous studies investigated changes in soluble sugars in
lettuce seeds during imbibition without germination and over
the full period of germination and initial establishment. In a
study of soluble sugar content in long-time dark imbibed
Grand Rapids lettuce seeds the level of sucrose in the
cotyledons declined rapidly over the first month of storage
and a further small decline was noted from one to five
months. Thereafter the sucrose level slowly increased over
the next ten months. Sucrose levels in the endosperm
declined over the first two weeks and remained constant
thereafter. There were no changes in the amounts of glu-
cose, fructose, mannose and galactose that were all only
found in trace amounts (Powell et al. 1983). In another study
the levels of soluble sugars in Grand Rapids lettuce seeds
were followed over a 70h period (Halmer et al. 1978).
Sucrose and raffinose were the main sugars found in the dry
seeds. The sucrose level rose slightly until radicle emer-
gence at 10h and decreased thereafter. The raffinose level
decreased and was depleted at 25h. From about 20h glu-
cose and fructose were detected, these sugars increased
rapidly in equimolar amounts over the next 50h.
In the present study we looked at changes in soluble sug-
ars in lettuce seeds during the escape time, where dorman-
cy is broken. The pattern, showing an increase in sucrose
level 2h after the start of imbibition, was similar in the non-
germination dark control and in seeds treated with three dif-
ferent promoters of seed germination, red light, gibberellic
acid and an aqueous smoke extract (Figure 2). The level of
sucrose decreased again after a few hours without an
increase in the levels of fructose and glucose, which indi-
cates that these two monosaccharides enter a steady state
utilisation. In the seeds treated with gibberellic acid the lev-
els of fructose and glucose increased equimolarly following
the same temporal pattern as for sucrose, which could mean
that different pathways are switched on by gibberellic acid.
Overall, these results indicate that some mobilisation of the
sugar reserves took place during the initial hours of imbibi-
tion, but as the seeds germinate without depleting this
reserve, lack of utilisation of storage sugars apparently is not
responsible for blocking germination.
It appears reasonable to conclude that breaking of dor-
mancy in light-sensitive Grand Rapids lettuce seeds is not
linked to utilisation of soluble sugars.
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Figure 2: Changes in sugar levels of Grand Rapids lettuce seeds
during the escape time when imbibed in the dark (control) (DARK),
treated with red light (RED LIGHT), 10-4M gibberellic acid (GA3) or
an aqueous smoke extract (SMOKE)
() sucrose, () fructose, () glucose and () rhamnose
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